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From the tree felling through the timber production processes in the lumber 
industry, a large amount of waste products such as bark and wood chips is generated, 
and the growing environmental burden due to limited processing capability and 
unsuitable processing is problematic. To reduce the amounts of this woody biomass, 
new and effective methods to utilize it are required. Gasification is a promising 
technique for utilizing biomass waste. Since woody biomass shows a lower caloric value 
than that of fossil fuels because of its higher oxygen content, gasification of biomass at 
a low temperature is essential for increasing cold gas efficiency. The critical problem of 
low-temperature biomass gasification is the generation of a large amount of tar, which 
impedes operations by blocking pipes and filters. Therefore, the development of a 
highly active catalyst for tar decomposition is necessary for low-temperature 
gasification. Thus, the aim of this study was to prepare a new adsorbent with a high 
metal adsorption capacity from woody biomass. Furthermore, the catalytic behavior of 
the new nickel-loaded adsorbent char in biomass tar decomposition was evaluated. 
Chapter 1 outlines the current status of industrial wastes and described 
utilization and gasification technologies for biomass. Various types of treatment for 
biomass to enhance its metal adsorption property were also introduced. 
     In chapter 2, we describe the development of a copper recovery method from iron 
chloride etching waste liquid using brown coal and woody biomass. The metal 
adsorption ability of brown coal was compared with that of woody biomass. Firstly, iron 
species in the waste solution was separated by adding NH3 solution followed by a 
 
 
filtration. Then, copper species in the NH3-treated solution could be recovered by 
immersing the brown coal or the woody biomass. The loading amounts of copper on the 
brown coal and the woody biomass were approximately 1.7 and 0.5 wt%, respectively. 
To utilize the woody biomass as a metal adsorbent, the loading amount of metal species 
should be improved. 
In chapter 3, various treatments to the woody biomass such as oxidations in gas 
and liquid phases, carbonization and hydrothermal carbonization were conducted to 
enhance the metal adsorption ability of the woody biomass. Oxidation in gas phase and 
carbonization were performed by a heat treatment in CO2. Potassium carbonate was 
used as a catalyst for the oxidation. Oxidation in liquid phase and hydrothermal 
carbonization were performed by a microwave irradiation in 0.1 M HNO3. Information 
on the oxygen functional groups of the biomass samples was obtained using a Fourier 
transform infrared (FT-IR) spectrometer with the diffuse reflectance method. To 
determine the chemical states of carbon, nitrogen, and nickel in the biomass samples, 
X-ray photoelectron spectroscopy (XPS) was conducted. As a result, an adsorbent with 
metal adsorption ability as high as 8.3 wt% nickel-loading rate was fabricated by the 
following three treatments: (1) potassium carbonate solution treatment, (2) heat 
treatment in CO2 at 250 °C, and (3) nitric acid treatment to remove potassium 
carbonate. Woody biomass treated with microwave irradiation at 200 °C in 0.1 M HNO3 
showed higher metal adsorption ability, with a nickel-loading rate of approximately 9.0 
wt%. This adsorbent, made by liquid phase oxidation and hydrothermal carbonization, 
had the highest metal adsorption ability in the samples. 
 In chapter 4, Ni particles on the adsorbent described in chapter 3 were evaluated 
to be utilized as a catalyst support. The Ni-loaded woody biomass prepared in chapter 3 
was heat treated in an electric furnace. An X-ray diffractometer (XRD) was used to 
determine the crystalline structure of nickel in the char. The nickel particle size 
distribution was evaluated using small-angle X-ray scattering (SAXS). The surface of 
the char was observed using field emission scanning electron microscopy (FE-SEM). 
The results revealed that the nickel metal particles were highly dispersed in the char. 
The nickel surface area per char weight of the nickel catalyst (char derived form 8.3 
wt% nickel-loaded biomass) was approximately 24.8 m2/g. 
In chapter 5, the catalytic performance of the Ni-loaded biomass char derived 
from 9.0 wt% nickel-loaded biomass was evaluated for decomposition of biomass tar at 
600 °C in a two-stage fixed-bed quartz reactor. The carbon distributions and the yields 
of gases from cypress decomposition were calculated using a total organic carbon 
analyzer (TOC) and a gas chromatograph (GC). The catalyst showed high activity for 
 
 
the biomass tar decomposition, converting it to gas. The yields of H2, CO, and total gas 
obtained with the catalyst were approximately 5.2, 2.8, and 3.5 times higher, 
respectively, than those obtained with inert sand. Gasification of biomass at a low 
temperature without tar formation could be achieved by using the nickel-loaded 
biomass char catalyst. 
In this thesis, the biomass adsorbent to recover metal species was developed by 
the various oxidative treatments to the biomass, and the Ni-loaded woody biomass char 
was used as the catalyst for biomass tar decomposition. The nickel-loaded catalyst 
showed high activity for biomass tar decomposition due to highly dispersed Ni metal 
particles. The utilization of woody biomass developed in this study will accelerates a 
construction of sustainable society. 
